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Abstract 
PAHs adsorption in the aquatic environment is strongly influenced by sediment properties and water 
conditions. To determine how these factors are responsible for PAHs adsorption kinetics, we evaluated the influence 
of clay mineral type, and varied pH, temperature, and salinity of the solution on PAHs adsorption by using 
benzo[a]pyrene, B[a]P, as the representative PAHs. Overall, we found that B[a]P adsorption on montmorillonite was 
about 2 times higher than on kaolinite. This may be caused by the higher surface area of montmorillonite. For the 
influence of water conditions, the results clearly indicated that B[a]P adsorption increases with a decrease in solution 
pH and an increase in salinity, due to increased protonation of acidic groups. As B[a]P water solubility decreases with 
water temperature, B[a]P adsorption on clay particles increases.  
The equation should be written as a classical distribution ratio definition. All of these influencing factors can be 
summarized in the following equation: 
 
              Cs/Cw = 1/3 * (KppH + Kpt + KpS ) * Sa                        
 
where Cs and Cw are the B[a]P concentrations in the clay mineral and solution, Sa is the surface area of clay mineral, 
and KppH, Kpt, KpS are the Kp values for different solution pH, water temperature, and water salinity, respectively. 
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1. Introduction 
Polycyclic Aromatic Hydrocarbons (PAHs) are organic pollutants of anthropogenic origins with 
high priority concern because of their carcinogenic properties and their persistent accumulation in the 
aquatic environment [1]. When PAHs are introduced in the aquatic environment, they are rapidly adsorbed 
on the sediment surface mainly caused by their hydrophobic property. The mechanism appears primarily 
dominated by precipitation resulting from van der Waals forces driving PAHs molecules out of the 
aqueous phase [2].  
This work is a part of a larger study on the influence of mineral types and the solution properties 
on PAHs adsorption. Here, we reported an original laboratory study evaluating the adsorption capacity of 
PAHs on kaolinite and montmorillonite surfaces as a function of the different pH, temperature, and 
salinity.  
 
2. Materials and Methodology  
 Kaolinite (95% purity) and montmorillonite standards were used as absorbent clay minerals 
while 90% purity montmorillonite was purchased from Thai Nippon Chemical Industry Co., Ltd., 
Thailand. Synthetic seawater solution was prepared following the method of Kester et al. [3], and Lopez 
et al. [4]. Seawater solutions at different pH conditions were obtained by adding 2-3 drops of 0.1 M of 
either NaOH or HCl. Salinity concentration used was 30 ppt prepared by adding appropriates amounts of 
deionized water (Milli-Q system, Millipore) to synthetic seawater. The adsorption of PAHs on kaolinite 
and montmorillonite was determined in relation to pH at 4, 7, and 10, respectively. Before the experiment, 
the residual organic compounds on clay samples were removed by continuous boiling for seven days 
using hydrogen peroxide (H2O2) extraction technique. This treatment removes surface organics with no 
physical alteration to the minerals. Clay minerals of 2 g were added to 30 ml of seawater containing 
19.84x10-4 mol.L-1 of B[a]P, and then mixed continuously. B[a]P in solution and the adsorbed ones were 
analysed after 3, 6, 9, and 12 hours. Each experiment was performed with triplicates. 
 Solid and liquid phases of each solution were separated at the end of each experiment by 
centrifugation at 2,422 g for 15 min. 
 
3. Results  
Influence of pH 
 The results show that B[a]P adsorption increases as pH is decreased. These phenomena may be 
the result of an increasing of hydrophobic interaction. In acidic pH, H+ attaches to the silanol and 
aluminol surfaces of mineral structures (protonation) [5] increasing its hydrophobicity [6].  
 
Influence of temperature  
 
The adsorption increases sharply as water temperature decreases from 20oC to 10oC in 
montmorillonite suspension, suggesting that temperature has strong effect on the adsorption capability of 
both minerals. Our results confirms the study of Tremblay et al. (2005) where it was found that 
phenanthrene adsorption on the natural estuary sediments produces a 11% Kp increase when the 
temperature decrease about 22oC. 
 
Influence of  salinity 
In high ionic strength solution, the negative charge on mineral surface is compensated by the 
cation in solution results in hydrophobicity and hydrophobic interaction on the mineral to increase. The 
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results reveal that for kaolinite, distribution coefficient is two times higher when water salinity produces 
increases. Our results confirm the study of Tremblay et al. [7] where found that Kp of phenanthrene 
increase of about 27% with the water salinity increases from 1 to 30 ppt in the similar water-sediment 
ratio.  
In general, the adsorption process can be described in the form of distribution coefficient, Kp, 
describing the macroscopic equilibrium between seawater and mineral surfaces the following Eq. 1: 
W
S
p C
CK =                                                       (1) 
where Cs is B[a]P concentration adsorbed on the mineral surface and Cw is the B[a]P concentration in 
solution. We found that the apparent distribution coefficient estimated at steady state is 140 + 20 L.kg-1 
and 90 + 10 L.kg-1 for montmorillonite and kaolinite, respectively indicating the higher sorption capacity 
of montmorillonite. The higher capacity to adsorb B[a]P of montmorillonite confirm previous observation 
of Bowman, J.C. et al. [8]. In neutral pH the hydrogen bonding between silanols and aluminols in 1:1 
structure of kaolinite results in lower adsorption capability compare to the expandable interlayer in 2:1 
phyllosilicate structure of montmorillonite [5].  
 
An overall empirical equation  
 
 From Eq. 1, our results clearly indicate that Cw is in steady state after 3-6 h of interaction. And, it 
is well known that Kp values are positively influenced by surface area of the adsorbent. Thus, the 
equation can be defined as: 
 
 Cs = Cw * Kp * Sa                                                 (2) 
 
where Sa is the surface area of the adsorbent; 16.60 m2.g-1 for kaolinite and 750.65 m2.g-1 for 
montmorillonite. Assuming Kp is the sum of every component (KppH, Kpt, Kps) in the solution has 
influence on Kp value. Then, Eq. 2 can be developed as the following equation: 
  Cs = Cw * 
3
1 { KppH + Kpt + KpS }* Sa               (3) 
where KppH is the Kp value in different solutions pH, Kpt is the Kp value in different water temperature, 
and KpS  is the Kp value in different water salinities. 
 
Table 1 The relations between Kp values and each water condition. 
                     
Equation Correlation 
kaolinite 
KppH = 150.9 (pH) – 0.933 
Kpt    = 253.88 (temp) - 0.728 
KpS   = 43.575 (salinity) 0.7681 
 
r2 = 0.8967 
r2 = 0.7533 
r2 = 0.9528 
montmorillonite 
KppH = 302.37 (pH) - 0.847 
Kpt    = 311.70 (temp) - 0.881  
KpS   = 79.934 (salinity) 0.5981 
 
r2 = 0.8364 
r2 = 0.8549 
r2 = 0.9045 
 
For both minerals, the relations between Kp values and each water condition can be discribed by 
the equation shown in Table 1.                     
 Substituting these Kp values and the surface area of each mineral into Eq. 3 and then apply to the 
standard seawater condition (pH 7.8, temperature 30oC, and salinity 30 ppt). The adsorption equations for 
kaolinite is expressed in the following equation:  
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 Cs = Cw*
 3
1 { 150.9 (pH) – 0.933 +253.88 (temp) - 0.728 + 43.575 (salinity) 0.7681 }* 16.60 
 
 Cs = Cw* { 150.9 (pH) 
– 0.933 +253.88 (temp) - 0.728 + 43.575 (salinity) 0.7681 }* 5.53               (4) 
 
 For montmorillonite, the adsorption equation achieved is shown below: 
 
 Cs = Cw* { 302.37 (pH)
 - 0.847 + 311.70 (temp) - 0.881 + 79.934 (salinity) 0.5981 }* 250.22        (5) 
 
By comparing Eq. 4 and 5, it is clearly shown that B[a]P adsorption on montmorillonite is higher than 
that on kaolinite. Moreover, the temperature variation has strongest influence on the adsorption. 
  
4. Conclusion 
 
 From our results, it is clearly indicate that the adsorption capability for B[a]P of montmorillonite 
is higher than that of kaolinite. This result may be primarily caused by the higher surface area of 
montmorillonite. However, this interaction is also influenced by the effect of temperature. 
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